Impacts of human activities on water cycle in north china by LI, Lijuan
I WA･C T S O F H U M A N ACT ⅣITIE SO N WA T E R
C Y C L E IN N O R T H CIIINA
LI Liju an
(Institute ofGe ography, C h ineseAc ade my ofSciences, Beijing10010I,P.R.Ch ina)
I. Intr odll(:一io n
No rthC hin a, wi thotalar eA 272,000km
2
,
c overs HebeiProvinces and2 m etr opolis- -
Beijing and Tia njin City, an4thepart ofHe n an a nd Shando ngProvin c eto the n o rthof
the Yellow River. Mo st ofth is region , which is situ ated inthe s emi-h umid, s emi-a rid
c o ntin e ntalm o n s o o nclim atete mper ate zon e, gets an an n ualpre cipitation of500- 600
m m
,
m o r ethan 70- 80 %of an n ualpre c IPitatio n and90% of ru noffare c onc entr ated in
nood s ea s o n(Jtl n etO August)･ Where as, the e nviro n m e ntalconditons ofthe a rea ar e
fragile, with nood, drought, s aliniz atio n and soilerosion. Its riv e r n etw ork c o ntains
the e ntire Haihe Riv e rBa sinin cluding eightriv er syte m s,thatis,the Na nylm Riv er,
Ziya River, DaqingRiver, YongdingRiv er, Chaob aiRiver, Beiyu nRiver,Jiyun Rive r
and Lu a nhe Riv e r
,
and theflo odr aini ngn V er c o u rs esOf theTuhai Rive r, M ajiaRiv er
and Heilo nggang-Y undong Riv er etc h The Yello w Riv e r, withits s malltributarie s
alo ngthe Yello wRiv er,liein the southbo undary of the region･
II. Lev elof Wate rr e s ollrC eSde v elopm e nt
The peren nialaver age amo unt oftotal w aterr es ou rc e s a re3 8･61 billion m
3
,
including22195 bilion m
3
ofsu rfa c e w ate r, 25 A lbillion m
3
ofgro und w aterand9･75
billio n m3 oftheirduplic ai o n･ A gr e atofw ate rconserv an cy pr oje ctsha v ebe en built
sinc e the 1950s. By the e nd of1984, th irtyla rge re se r v oirs with a totalstoring
c apa city of24･03billio n m
3hadbe enbuiltin Haihe RiverBasin
,
83 %ofriv erare a
and m o rethan7 0 %of ru n offw e r e c o ntrolled bythese re s e rvoirs･ Morethan 883,000
pu mped w ells and s e v erallargediv ersio nprqle CtS, StlCh as w ate rdiv ersio nfio m the
Lu anheRiv e rto Tianjinand Ta ngshan City, from theQinglo ngRiv e rtoQinhu angdao
City, fro mthe Yeuo w Riverto Tianjin, ha v ebee nbuilt･ The w ater pr ojects hav e
e nh an c ed thelevelof w aユer re s ourc esdevelopm e ntinthe a re a, theybuilduptheloc al
re sistan c etodr o ught, flo od, salini2.ation a nds oilerosio n.
The ov e rallev el of w ate r r es o u rces dev elopm e ntin the areais over8 0 %, the
highestin C hin a(the aver agele v el is 20 % in Chin a)I Thelev el of w ate rre sou rces
de v elopm e ntin the ar e aw as ov er60 %for s urfa c e, and ov e rlOO %for grot nd w ater･
T helo cal w aterproje cts make gr e at contribution to resolvingthe water con sum lng
pr oble m oflo c al industry and agrlCultur e as w ella s u rban and ru ral daily life･
Ho w e ve r
,
the a rea beco me son eofthe main w aterdeficie nt a re as a stheloc al w a土er
r equ ir em e nt in c re a s es s or apidly wi th the eco no mic de v elopm e nt and population
gr o w血 thatit alre ady su rpas s esthe local w ate rs upply c apability･ Ac c ordingto an
analysis of cu rre nt w ate r
ps upply de m and in North C hin a, the shortage of w ate r
r es ou r c esis a s m u ch as 2.9- 10.9billion m
3/a no w I T he o ve r- exploitatio n of w ater
r e s o u r c e s alo ng wi thw ate rpollutio nle adsto a s eries ofe n vironrnentalpr oble m s･
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III･ T he m ainimpacts on w ate r cycleby w ate rde v elopm e ntillNorth C hin a
W ater developm ent a nd utiliz ation, h um a n a ctivitie s effecteddirectly on w ater
cycle, ha v eresulted in natu ral w ater cycle changingin the qu antityrelationship
betw e en key ele m ents and their m otion dire ctio n･ And the w ater quality is
sim ultane o uslygetting w orse. Du etotheinten siv e e xploitatio n of w aterres ou r c eby
the defl Cie n cy of w ater res our ce in No rth C hin a, key ele m e nts of w ate rb alan c e
changed, ru n offv olu m e r edu ced, e vapo ratio nincr e a s ed, vertical m ovem e nt of
m oistu r e w a s str e ngthe n ed, w ater cycle patte m tr an sform ed fro m ope n syste m into
r egio naly clo sed syste m; M e an while, du eto the in c ompetent w ate r purification
syste min c o mpa risop wi th the w a ste w ate rdis charge, w ate rbodie spollutio ngo esbad
to w orse . Fu rther m o re, s o m e w aterbodiesbe c om e unllSable. The redu ctionin a m o unt
of ru n off
,
bothsu rfa c e a nd I)ndergro tlnd, and the pollutio n of wate rbodies ha v e
c a useda s erie sofe n viron m e ntalproble m s.
⊥』主 幽
Thro-ユghthe e xploitation and utiliz atio nof w ate r re s ou rces sin c ethelate195 0s,
gre at change sof w ater cycle pr oc ess and w ate rbalanc ehas taken pla c e. Itshow sin
thefollo w thre e aspe cts:run offam o u ntreductio n, sedim entand salta c c um ulatio n.
1･1Ru noHa m ount redu ctio n
T he rapid redu ction of w ate rdischa rgeillthelo w e r re a che s, a:ttributedto m any
r eser v oirsbuiltin the up per re a ches, de cre ase sthe rele v ant w aterdis cha rge e mptying
intc. s e a･ For ex a mple, the riv ersin this are adried up s olo ngtha:t s o me riv e rsflo w ed
only a fe w days during a ye ar･ In te rm ofthe redu ctio n of an n u al.w aterdischarge
e nteringinto Hebei Pr o vin c e丘o m 1980to 1985, the wate rdis charge w as31.3 % of
9･98 billio n m3/a which w as theinpo Ⅵrlng W ater an n ual in the 1950s. Besides the
redu ction of the inpou rlng W ater am o unt, the lo cal produ c ed w ater discharge
de c re ased r apidly･ The a v eragelo c aトpr odu c ed waterdischarge de clined fro m 23.32
billio llm
3
/ainthe1950sto7･71billio n m
3
/ainthe1980s, thatis, thelatte ris33 %of
thefbm e r.
T he ov er- e xploitatio n and utilizatio n w ater resource s c au sed the discharge
flowing lntO the s e a- - a co mpone nt of w ater cycle- 1de cr ea s e r apidly･ The dis charge
flowing into the s e aw as l･46 bilion m
3
/ain No rthC hin ain the e a rly1980s, in
contra st, 24･185 billio n m
3
/ain the 195 0sI Me an while
,
the perc e ntage ofthe w ate r
discharge flowinginto seair M OmParis on with ar ul u al ru n offam ou ntdropped fro m
6415 % inthe1950stolO13%in the1980s･ This rapidr edu ction, n ot onlytransfor m ed
the water cycle pr oc essfr o m a n open system into aclosed system ,butals o affe ctsthe
regularitie s ofsedim e ntaJldsalttr an sportin North China.
In sho rt
,
the r edu ctio n of runoff a m o unt aggra v ates the r elatio n ship betw e e n
w ate r re s o u r c esupply and de m and in North C hina. Me anwhile,it c a us e sriv e r c o u rs e
todry up, s edim e nt a nds alt a c c u 血ulatiolユ.
I.2 Sedt
'
m e nta c c zJ m ula(io n
North C hin ahas288,000 kln
2
of m o u ntain are a
, withsa nd yieldat a peren nial
a v e rage or 594millio nt/a a nd e ro sio ninte n slty ata n a v er age Of ユ,062t/km
2
･ a. sa nd
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yieldi
･
n the･a re ais sho wn indetaila sfollow : s andyields ofthe Yellow Riv er, whi
ch
is atperennialav e r age of3 4lmillion t/a, po ursintothe Yeuo wRiver e x ceptfo rthat
10perc e nt ofthe s andyieldspiles upin the re se rv oir s;thatofthe Haihe Riv erBasinis
ata pere n niala v erage of 253million t/a･ Rese rv oirs andriv e rc o u rsep
s a re silted upby
s edim entfro m the m ountain ar e a. AImt1alsedim entation in 17large re s er v oirsin
Hebei Pr ovin c eis e stim atedto be as mu ch as38 million to n s, and
■
in the Gu a nting
Re s er voir 22 mi 11io nto ns. The whole sedim e ntation is abo ut 8 0millio nto n sin
c o nsider ation ofe n o rmous mediu m- and srn al sizedre s e rvoirsin the area. Beside s,the
pr ojects Of div e rsio nfro m the Yello w Riv e rbring ago od n u mb早r Ofs a ndtotheplain･
n e xt to thelow e r re ache s ofthe Yellow Riv e r. Sedim entationintheir igatiollare aby
div er sio nfr o mthe ･Yello w Riv erin c re a s e swi th the in cre me nt of w aterdischarge
div ertedfro m the Yello w River yea rby ye ar. Fo rex ample, theinpou rlng S andin
sha ndong Pro vin c ew e nt upfr om an a v er age of68million t/a in the 1970sto 90
millio nt/a inthe1980s. Ar ou nd65mi 11io nto n s ofs anddepo sitedinirrlgationditches
a nd e s cape canals c au s es wind
-blo w s and ha z ard in the are a ne arditchs ou rce and
w e ake n s flo od drain age･ The refo re, s edim ent ac c u m ulatio n be c o me s the 血ain
e nviron m e ntalproble mintheirrigatio n ar eabydiv ersion &o mthe Yello wRiv e r･
A bout125minio nto n s ofthe s edim e ntente redtheplain and a c cum ulatedthere,
anothe r128 mi 11io nto ns wa s camieda w aybythe w aterdischargemowingintothe s e a
as str eam 1oad. How ev er, sedim ent a c c u m ulation in the phinin cr e as eas the w ater
dischargeflowinginto se ade clin esye araae rye ar･ As a r esult･river co u rse ar ebadly
siltedup･ Fo r e xample,in thepa rtofthe Hutuo Riv erfro m Ra oyapgto Anping with
an ar e aof 62.5km
2
,
15millio ntons ofsand has co11e cted丘o m thelate1950stothe
e a rly198 0s;the rive r c ou rsefr om G ao che ngto W ujili氏ed a土 an a v erage of 2m , and
5.6 million to n s ofs and has piled upther e; n et sedim e nt a c c um uhtio ninthe Ziya
Ne w Riv er c o u rs e ra ches5.69million to n sduringtheperiodof 1967
- 1985
,
and the
le ngth ofsedim e ntation wa s39･5km ･ Sedim e nt a c c u mulatio n weake n ed the main
打o od drainagein theHebei Plainby48
- 91 perc e nt･
1.3Salta ccu m ulatio n
s alt has be e npiling upin this ar e a, due to the inten sive developm ent and
utiliz atio n ofw ater re s o u rc e s, the rapidreduction ofru n offflo winginto se a andthe
c on s u mption of w ate rdiv e rted fro m the Yello w Riv er･ Am ualsalt ac c
u m ulationis
estim atedto be at an a v er age of 2million tonsin the plain a nd r es erv oirsin No 地
c hina. Qingbei and Fuhuinthe HebeiPlain arein astate ofsalt colle ctingal1 thetim e.
As a r e s ult
,
salt co nc e ntr ation ofthe riv e rsisliabletoincr ea se ･ Theirrigatio nar eaby
div ersion fr o mthe Yello w Riv eris inthe sa rrle State a Sthe HebeiPlain . In Shando ng
provinc e
,
2.4 millio nt/ainpourl ng Salt along with 1million t/aless･saltdischarge
leads t. 1.4 mi llio n t/a salt a c c umlation . Salt ac c um ulatio n m ay c au s e soil
salirlzationintheplain , espe ciallyin theirrigation ar e abydiversio nfro mtheYellow
Riv e r. Soilsalinization willtake place at a nytim e u nle s s也e ris e ofgroⅦ1d w ate r
stageis car efully controlled.
之ユ 幽 馳 垣
A lot ofw ellsha v ebe e ndugin North C hin a sin c e19701 T he o v er
- e xploitatio n of
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gro und w ate ris wide-spre ad, beca use the clim ate ha sbee n m u ch m or e a rid than
befo rein 1980's and the utili2Etio n ratio ofgr o u nd w 狂ter W asaShigh as ov e rlOO% ･
Ac co rdingto the statistical data, the a c c u mulatio n ofgr o und w ater o ve r
- e xploitatio n
is ov e r40billio n m
3
in North Chin a(3 0billion in the Hebei Plain). T he ov e r-
e xploitatio nofgr o und w ater willc a u s egro und w atertable dropped co ntinu o tlSy and
gr o und w ater drying up, a nd wi ll form r egionalc o ne ofdepr es sion and bring about
landstlbsidence, se aw ale rintru sion,drinking w ate rnuor osis andothe rproblem s, T he
m ostha r mfu lam ongthem ar elandsubside nc e and fluoro sis･
2
.I Regio n al Depr essio nCone ofGr o u nd Wate r
Tbe over- exploitation of shalow and de ep gr ou nd w ater has for m ed region al
c o n e of depr e s sion . Mo st c e nte rs ofthe c o n e s are lo c ated right be n e ath citie s,
indu stri alaJld mine ralr egion s. M o re o ver,large
-sc aledepr es sio nco n e of de ep gr ound
w ater w a scre ated in the ar e as wher?de ep gro und w ateris the s o u rc e sirrlgatio n w ater.
Acc o rding to the statistical data, in North Chin a, the shallo w gro und w ate rha s
dropped10
- 20m
,
the con e area c o ve red20,000km
2
,
w ate rtablein the c ente rofcon e
r egio nhasdropped20-LO m . In the easternpart ofthe No rthPlain, the c one of de ep
grou nd w ater cov e red 22,000 kn
2
, w atertabledrop ped at a rate of 3- 5.m/a;Tianjln,
C angzho u and Hengshuia rethe w orst am o ngthe m･ Thereis c o mpou nd c o n e of de ep
gro und w ate rlike Ji
-Za o-He ng c o nein the c entralofthe North Chin a Plain. The
low est w ater table ofCa ngzhou c o n e w a s90.2m belo w the s u rfa c e, and the Ji-Za o-
HeIlgG o ne71.3 m in the c e nterin1994.
The fo rm atio n of depression con e ofgr ou nd w ate rd am ages p um ped w ells,
r edu c e sthe w ate ryieldof the weus, dries up sprlng, aS a result, w ate rsupplyfro m
gro und w ateris sho rte rthanbefor e･
M o reo ve r, sin c egrou nd w atertable a re m u ch de eper than befo r e(de epe rtha n10
m), m u ch pr e cipitatio ninfiltratedinto the s oil, that res ulted in ru noffc o efficient
r edu ctio n. For e x ample, ru noffw a sprodu c ed in HebeiPlainin 1960
'
s whe n an n ual
pre cIPltatio n w a s mo retha n250m m. W her e a sit o c c u rr ed when arm u alpr e ciptation
w as m o rethan 500m min 1980
'
s. Only3.5 m m run offw aspr oduc ed in c as占of832
m m arm ualpre cipitatio nin 1988･ An dit m ade s oil de saliniz ation in w e stpa rt of
Hebei Provin c ebec a us e ofm uch m ore w aterinfiltr atio ninto s oil.
On the other hand
,
ev apo r atio n丘om phreatic w ate r w as getting m u ch les s a s
gr otlnd w atertable w asgettirlgde eper.
2.2 LandSubsiden c e
La nd s ubsidenc eis c ons equ e ntlycatlSed by w a土errelease of den sely pressu r ed
str ata a nd ov er- e xploitatio n of grou nd w ater. L and subside nc e br ought aboutby
de nsely pre ssured clay c an notbe resu m edev e nif the w ater stage ris esto the o riglnal
level.
Landsubside n cein North China m ainlyto okpla cein Beijing,･Tianjin,Cangzho u
a nd He ngshui. In Beijing, the strongest subsidenc e ru ns to o.59m , a nd subside nce
c o vers m or ethan 600 km
2
[ T hetotal area ofland subsidedin Tianjin, Ca ngzllO u a nd
He ngshui w a s440, 00 km
2
. L and subside n c eoc c u rred al1ov e rTianjin City, the
str o rlge St S ubsidenc eofgrou nd ru n sto 2･59m , a nd ov er a n ar e aof lO kn
2
s ubsided
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m o r etha n2 m ,the s urfa c e of ShanghaiAv enueinthe T anggu District. Tia njinis n o w
below s eale v el. The su rfac e ofCangzhou and He ngshuic o ne has subsided l･52m by
1994.
2.3Se a Wate rIntr usion
sea w aterintr usionis apheno m e n o nthat se a waterintrudesinto aquiferby w ay
of su rfac e and undergrou nd pas sage s and salifys &e sh w ater. Se a w ater a nd &e sh
w aterinlitto ral zo n ehas aninterfa c ewhich is n ext to the coastline. Ov er- e xploitatio n
of gro und w ate r m ov e sthe inte rfac einto inland and c aus e sCl
'
c once ntration of
gro und w ate rto e xc e ed 3 00mg/L A Rer s ea w aterhadintruded w ater source in
Qinhu angda oCity,tle W ater StlPPly plant w asdarnaged, w ater e xploitatio nde cr e as ed･
Se aw ate rintrusio nals oto okpla c ein Cangzhou ･
2.4 Ende micFluo 7･Sis
Be c a use s urfa c ew ater a nd sh allow gr o u nd w ate rdriedupin C angzho uin r ec ent
ye a rs, de ephigh- flu o ridegr o und w ater(F
I
c on c entrationishighe rthan 1 mg/L)w ag
e xploited as drinking w ater supply, w hichbrings abo ut endemic nuorosis anddoes
har m to the hu m an health. Ther efore, e ndemic fhoro sis be c叩1e Sthe main
e n viroruTlentalproblem ther e･
Ge n erally, de ep gr ound w aterin the e aster npart ofNorth Chin a, has ahigh
co nc entration of 瓜u oride. In Ca ngzho u, the F c o nce ntr a土io nof thethirdaquife rruns
to a 5highas 7 rngnJ, and high加oride a re a co v e rs26,000km
2
･ Ac c o rdingto the
statistic al data
,
in Heilo nggang ofHebeiPr ovince, the re were 1.1 million nu o ro sis
patie nts(1.04million dental fluoro sis a nd O･56millio n skeletalfluo ro sis)in 1987,
417
,
000patie nts m or etha nthatin 1984･ The pre v ale n c e ofende mic flu or o sisin the
affected are aisgr e atlyc o related wi th the nu o ride conte ntof drinking w ater and the
du r ation thatpeopledrinktheflu oride w ater･ Patients crippledbyfluo r o si be c o me a
s eriollS S OCi alproble m･
地
on the o n ehand, the redu ctio n of w ater a m ount w e ake ns thediluting and s elf
pu rific atio nc apabilityofw aterbodyto make waterpollutio n e v e nw ors e;o nthe other
ha nd
, polution m akes cle an w ater u nus able a nd dec reas e sthe am ount of w ater
a v ailable.
Thepollutio ns ou rc es ofsurfac e w aterin NorthChina are m ainlytll e u rba nand
industri alpoint s ou rc e s･ M or eth an 3billio n m
3
of w aste waterin the ar e aha vebe en
dis charged into the river syste m,in which 77 %ofitis 丘omindu stry･ andthe r e stB
･
o m
dom estic s ew age. Wh ile 80% ofitis directly dis charged into river n etworks o r
infiltratedonland without anytre atm ent, ca using se vere w aterquality pouution ･ T he
main pollutants a r eorganic m atter, nitride andphe nol･ Ac cordingto thedata of the
ev aluatio n on riv er waterqu alityin North China ine nd of1980, 84 %ofthe w ater
c o u rse c o tlldn ot m eet theI- 3 classofsu rface w aterqualitystanda rd, 55% c ouldonly
be used fo rirrigatio n and 29 %w a spollutedsobadlythat w ateris undsable.
In te r m of regio nal distribution, in the badly polluted area w ate r supply lS
relTla rkablydeficie nt･ W aterpollutio n aggrav atesthelo calc o mple xion L Gr o und w ater
pollutio nbeginsto appe a rin North C hina andisbeing aggra vated･ Itisbrought abo ut
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byu rban and fieldsu rfa cedis charge, and is m o re sev erein u rba nindustrialare athan
in any otherplac es.
In Beijingand its nearsuburbs,thegr ound w ate rha rdn e s andnitr ate s c o ntent of
the gr o und w aterke ep I n cre asing. The reglO n Wheregr o und w ate rhardne ss e x ceeds
the standard has an a rea of254 km
2
,
andnitratespolution spr eads o v e r200 km
2
･ The
ar e awhp.r ealltheindic es of SO2
正
,
cl
‾
and w aterhardn e ss ofground w ater a re upto
their standards cov e rsonly25 %of Tianjin which has an are aof200 km
2
. In Hebei
Pro vin c e
,
there ar e m anydistricts wher es om einde x e x c eedthe standa rds of d rinking
w aterin cltlding w aterhardn e s s a nd C O D.
IV. DisctlS Sio n 且nd Co n clu sions
Hu m an a ctivit eshave agr e atimpa cts on n atur al w ate r cycle, thatar e:
1･ reduction of ru n offand rive rdis charge into the s ea, thatresulted in rivers and
lakesdryupln m o st tim e ofaye ar.
2. r edu ctio nru n offc o efficie nt and
-
inc re aseinfiltr atio n.
3･ in c re ase e vapo r ation fro m s oil, whereas de cr e a s ee vapor atio nfo r mphr eatic
w ater.
4･ W ate rqualityhas been w ors ehe a vily, and w aterpollutio n spreadboth for
s u血(:e andgr o u nd.
5･ Over- e xploitatio n of w aterres o ur ce sha s resulted in m a ny e nviro n m e ntal
problem s.
‾ As m entio n ed abo v e
,
ov eトe XPloitation ofw ate rres ou rcesha v e changed natural
w ater cycle proce s s a ndr es ultedin m any e nviro n m e ntalproble m sI Soitis n ot agood
w ayfo r s ustain able w ater res o urce sdev elopm entbothfo r s u rfa c eandgro und w ate r.
T hehighestlev elof waterdev elopm e ntsho uldbelow 50% ata whole, and fo r s u rface
w ate ritshouldlo werthan30 %toke ep e no ugh w aterfo rthe e n viron m ent, whilefor
gr ound w aterit m nst be lo w e rtha n 80 %to avoid e m e rgen c e ofgr otlnd w ater
depression cone a nd r elatedproblem s su ch a sla ndsubside nce, s ea w aterintr u sio net.
al. The be st w ayto m e etin c r e asing W ater de ma nds of hurn an a ctivitie sis to rise
effic e n cy of w aterresou rc e su sethro ughapplication ofhighte clmologyinindu strial,
agrlC ultⅦ
･
al and do m estic water cons u mption, s u ch as w ater r e cycl
･
e･ M e an while
r edtlC e Waste W aterdischarge thro ughtreatm e ntandr e cycletechn ology･
Refe r en ce
1. Jin Chu a nlt
-
ang & Zheng Lia nshe ng, C ha nge s, Iss ues a ndStrategy ofRegio nal
Environ mental Hydra ulicin Hebei Pro vin c e, April,I97.
2･ Li Lzju a f7& Li Baoqing, The Problem sof WaterRe s o u r c esin No rth Chin a andthe
Str ategy･ Chines eGe ographical Science, Vol12, No･ 2, pp1 83-196,1992.
3･ M'
'
nist'y of WaterRes ou r c e s, Study o n Pr e sentSituation, Tr end and Strategyof
W ate rDe ma nd andSupplyin No rthChin aRegion, 1991.
4･ Wafe rReso u r c esBu r e a u
･
Hebei Provinc e
,
Pre sent Status An alysis a nd Str ategy
Studyon WaterRe so u r c es De v elopm erltinHebei Pr ovin ce, De c. , 1996.
- 154-
